Actinobacillus pleuropneumoniae strains of serotypes 1 and 9 were studied for their serological properties by means of agglutination, coagglutination (CoA), indirect hemagglutination (IHA), Co-IHA, ring precipitation (RP), and immunodiffusion (ID) tests. Particulate and soluble antigens of unheated and heat-treated bacterial cells were used in various serological tests. Agglutination, CoA, and RP tests demonstrated common antigens between strains of serotypes 1 and 9. Quantitative estimation of serotype-specific antigenic activity by CoA, RP, and ID tests proved useful in differentiating strains of serotypes 1 and 9. IHA and Co-IHA tests using sheep erythrocytes sensitized with unheated or heat-treated whole-cell saline extract and the ID test using boiled whole-cell saline extract as antigen distinguished the strains of serotypes 1 and 9. In studies of absorption of rabbit antisera with heterologous whole-cell antigens there was no absorption of antibodies in tube agglutination and IHA tests, suggesting that serotype 1 and 9 strains belong to two distinct serogroups. It appears that the cross-reactivity between serotype 1 and 9 strains could be due to common epitopes associated with cell wali antigens.
Strains of Actinobacillus pleuropneumoniae possess several antigens, some of which are shared by different serotypes. Serotypes 1, 2, and 3 were proposed by Nicolet (16) , who identified them as serotype specific by agglutination tests. In the original serotyping scheme, six serotypes numbered 1 to 6 were described by Gunnarsson et al. (2) on the basis of the agglutination reaction. Strain 202 representing serotype 6, as proposed previously (2) , was considered to be in a taxon different from A. pleuropneumoniae by Kilian et al. (7) . Strain Femo, described by Nielsen, was included in the serotyping scheme as serotype 6 (18) ; in addition, strains described by R0sendal and Boyd (23) , Nielsen and O'Connor (21) , and Nielsen (17, 19) were included as serotypes 7, 8, and 9 and 10, respectively. Serotypes 11 and 12 have been added recently (20) . Tests being used currently for serotyping are tube agglutination (TA) (2, 8) , slide agglutination (SA) (8) , immunodiffusion (ID) (16) , ring precipitation (RP) (3, 8) , indirect hemagglutination (IHA) (9, 17) , immunofluorescence (16, 23) , coagglutination (CoA) (10, 11) , and counterimmunoelectrophoresis (22) . Serotyping of A. pleuropneumoniae is based on identification and characterization of serotype-specific antigens. Although all these methods are useful for serotyping, they present some disadvantages either in the time needed to perform the test or in the cost of sera and reagents. Nielsen (17) reported that serotype 1 shared cross-reacting antigens with serotype 9 detectable in complement fixation and gel diffusion tests. The object in the present study was to characterize the type-specific and cross-reacting common antigens of serotypes 1 and 9 by using different serological tests in order to differentiate them for precise serotyping. MATERIALS Preparation of hyperimmune sera in rabbits. Hyperimmune sera were prepared by repeated inoculations of rabbits with formalinized whole-cell (WC) suspensions of the reference strains of A. pleuropneumoniae of serotypes 1 through 10. The details of the procedure have been described previously (8) . Antisera were also produced similarly in rabbits against strains Aust-3933, 81-582, Arg-20, and 81-794B of serotype 1 and strains 73576, 94935, and 97655 of serotype 9.
Absorption of antisera. Samples of rabbit hyperimmune sera against WC antigens of serotypes 1 and 9 were absorbed with equal volumes of 10% suspensions of WC antigens of homologous and heterologous serotypes in phosphatebuffered saline solution (PBSS), pH 7.0, containing 0.5% Formalin. The mixtures were kept at 37°C for 2 h and centrifuged at 1,500 x g for 30 min. The second absorption was done in the same way. The sera were tested before and after absorption for antibodies against homologous and heterologous serotypes.
Antigens for the SA test. Antigens for the SA test were prepared as described previously (8) .
Antigens for the TA and 2ME-TA tests. Antigens for the TA and 2-mercaptoethanol TA (2ME-TA) tests were prepared by using only smooth, nonautoagglutinating strains. The formalinized WC (8) .
(à) TA test. In the TA procedure (15) , serial twofold dilutions of rabbit antisera beginning at 1:5 to 1:640 were prepared in 0.2-ml volumes of PBSS containing 0.5% Formalin. An equal volume of test antigen was added to each tube, mixed well, and incubated at 37°C for 18 h. The titer was determined as the reciprocal of the highest dilution of the antiserum giving 50% visible agglutination. By using indirect illumination, the agglutination was estimated according to the clearness of the supernatant fluid and the size of the clumps while gently tapping the tubes to resuspend the clumps.
(iii) 2ME-TA test. In the 2ME-TA procedure (15), serial twofold dilutions of rabbit antisera were prepared in 0.2-ml volumes of PBSS containing 0.1 M 2ME. An equal volume of test antigen was added to each tube, which was then shaken, incubated at 37°C for 18 h, and read. The titer was determined as for the TA test.
(iv) CoA test. The details of the preparation of CoA reagents and the procedures for this test have been described previously (10) . The titer of the antigen was determined to be the reciprocal of the highest dilution of the antigen showing a positive reaction in the CoA test (14) .
(v) IHA test. The IHA test was performed with a Microtiter System (Dynatech Laboratories, Inc.), as described by Mittal et al. (9) .
(vi) Co-IHA test. The same procedures used for the CoA test were employed for the Co-IHA test, except that the SRBC sensitized with SEs of serotype 1 and 9 strains were used as antigens.
(vii) RP test. The RP test was performed in Pasteur pipettes, as described previously (8) .
(viii) ID test. The ID test was carried out in disposable plastic plates by using 1% agar (special Noble agar; Difco Laboratories) dissolved in PBSS, pH 7.0, containing 0.01% sodium azide. The reagent wells (2 mm deep, 4 mm in diameter) were at a distance of 6 mm from each other and from the central well. The plates were incubated at room temperature in a humid atmosphere. The plates were examined daily for 2 days (14) . The titer of the antigen was determined as the reciprocal of the highest dilution of antigen (boiled WC-SE) showing a positive reaction in the ID test (14) .
RESULTS
Serological reactivities of A. pleuropneumoniae strains of serotypes 1 and 9 in CoA, Co-IHA, and ID tests with other 1 CoA serotypes. Serotype 1 and 9 strains were tested for the presence of serotype-specific and cross-reacting common antigens in rabbit antisera against reference strains of serotypes 1 to 10 by CoA, Co-IHA, and ID tests. Serotype 1 strains did not show any cross-reactivity with other serotypes in all 3 tests, except with serotype 9 in the CoA test. Cross-reactivity of serotype 9 with serotype 1 was seen in CoA and ID tests but not in the Co-IHA test (Table 1) .
Cross-reactions between A. pleuropneumoniae strains of serotypes 1 and 9. Cross-reactions between strains of sero- (264) a Serotype 9 strains which were cross-reacted with the rabbit antisera were 73576, 94935, 13261, and 97655. + to + + + + and -, as described in Table 1 (footnote c); numbers (including those in parentheses) are as described in Table 2 (footnote a). types 1 and 9 were observed in TA, 2ME-TA, RP, and CoA tests. IHA, Co-IHA, and ID tests clearly distinguished the two serotypes from each other (Tables 2 and 3) .
Serological cross-reactions between strains of serotypes -l and 9 and rabbit antisera against WC suspensions of different strains of serotypes 1 and 9. Strains of serotypes 1 and 9 were examined for the presence of serotype-specific and crossreacting common antigens by various serological tests by using antisera prepared by inoculations of rabbits against several strains representing serotypes 1 and 9. Quantitative estimation of antigen by the CoA test by using both homologous and heterologous sera clearly distinguished strains of serotypes 1 and 9. IHA and Co-IHA tests also showed serotype-specific reactions (Tables 4 and 5) .
Effects of absorption of rabbit hyperimmuné sera with homologous and heterologous antigens. The results of crossabsorption of rabbit anti-WC sera with WC antigens of serotypes 1 and 9 are given in Table 6 a + to ++ + and -, as described in Table 1 (footnote c); numbers are as described in Table 4 (footnote a).
antigens in CoA and RP tests (Tables 2 and 3 ). The capsular material of A. pleuropneumoniae serotypes 1 and 9 did not show any evidence of cross-reactivity after stabilization with heterologous serum upon examination under an electron microscope (4 (12) (13) (14) 21) . Quantitation of serotype-specific and crossreactive group-specific antigens by CoA and ID tests was found quite useful to differentiate strains of serotypes 3, 6, and 8 (14) . Results shown in Tables 2 through 5 suggest that most antigens are serotype specific and that these antigens are dominant over cross-reacting common antigens, which are fewer and less significant. The results of cross-protection studies by Nielsen (17) showed that parenteral immunization of pigs with a 6-h culture of serotype 9 protected 60% of the vaccinates against challenge with serotype 1, whereas vaccination with serotype 1 protected only 25% of the pigs against challenge with serotype 9. Results of the ID test (Tables 1-3) indicate that serotype 9 strains may share more antigens with serotype 1 than vice versa. Pigs infected with serotype 1 or 9 developed complement-fixing antibodies to both serotypes. Thus, it was not possible to obtain correct serotype diagnosis through blood testing of herds infected with either of the serotypes. Serotyping of the isolated strains is thus essential for correct serodiagnosis. The data presented in this investigation verify those of Nielsen (17) . Mucoid-smooth-rough dissociation occurring in A. pleuropneumoniae has been described by Nicolet (16 
